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A fuel system (10) for a gas turbine engine (18) having a 
shaft (30) and requiring fuel to be supplied at a ?rst rate for 
engine start up, the fuel system (10) including: a main fuel 
pump (14) for providing fuel to the gas turbine engine (18), 
the main fuel pump (14) having an output varying With shaft 
speed, the output being at a Windmilling rate When the 
engine (18) is Windmilling, the Windmilling rate being less 
than the ?rst rate; and an auxiliary fuel pump (40) for 
providing fuel to the gas turbine engine (18) and having an 
auxiliary output rate greater than or equal to the difference 
between the ?rst rate and the Windmilling rate. A method of 

(21) Appl. No.: 11/139,953 operating such a fuel system (10) is also disclosed. 
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IN A GAS TURBINE ENGINE HAVING A SHAFT 
FOR DRMNG A MAIN FUEL PUMP. THE GAS 
TURBINE ENGINE REQUIRING FUEL TO BE 
SUPPLIED AT A FIRST RATE FOR DIGINE 

START UP, A METHOD INCLUDING THE STEPS OF 

I 
PROVIDING A MAIN FUEL PUMP HAVING AN 

OUTPUT AT A SECOND RATE WHEN THE SHAFT 
IS \VINDMILLING, THE SECOND RATE BEING 

LESS THAN THE FIRST RATE 

I 
52f 

PROVIDING AN AUXIUARY FUEL PUMP HAVING 
AN OUTPUT GREATER THAN OR EQUAL TO A 
DIFFERENCE BEIWEBI THE FIRST RATE AND 

THE SECOND RATE 

I 
PROVIDING FUIl TO THE GAS TURBINE HIIGINE 

FROM THE AUXILIARY FUEL PUMP DURING 
WINDMILL STARTS 
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REDUCED-WEIGHT FUEL SYSTEM FOR GAS 
TURBINE ENGINE, GAS TURBINE ENGINE 

HAVING A REDUCED-WEIGHT FUEL SYSTEM, 
AND METHOD OF PROVIDING FUEL TO A GAS 
TURBINE ENGINE USING A REDUCED-WEIGHT 

FUEL SYSTEM 

FIELD OF THE INVENTION 

[0001] The present invention is directed to an improved 
fuel system for a gas turbine engine, a gas turbine engine 
including such an improved fuel system and a method of 
providing fuel to a gas turbine engine using an improved fuel 
system, and, more speci?cally, toWard a reduced-Weight fuel 
system for a gas turbine engine including an auxiliary fuel 
pump, a gas turbine engine including a reduced-Weight fuel 
system having an auxiliary fuel pump, and a method of 
supplying fuel to a gas turbine engine using a reduced 
Weight fuel system including an auxiliary fuel pump. 

BACKGROUND OF THE INVENTION 

[0002] Gas turbine engines, such as those found on jet 
aircraft, comprise a housing Within Which fuel and air are 
combined and burned. Such engines generally include vanes 
for draWing air into the housing and a compressor that 
compresses the air and sends it to a gas generator. In the gas 
generator, a precisely metered supply of fuel is mixed With 
the compressed air and burned. Expanding exhaust gasses 
turn a turbine Which turns a shaft that provides poWer to the 
compressor, a fuel pump, and other elements associated With 
the engine. The exhaust gasses then pass through the remain 
der of the housing and exit the housing to provide thrust. 

[0003] A starter, Which is not part of the gas turbine engine 
or aircraft, is generally used to start a gas turbine engine. The 
starter causes the engine shaft to rotate at about 10 to 25 
percent of its rated speed. This causes the compressor to 
compress air and the fuel pump to pump fuel to the gas 
generator. Once the fuel in the gas generator is successfully 
ignited, expanding exhaust gasses turn the turbine and the 
shaft and provide poWer for the compressor and fuel pump 
so that the starter is no longer needed. 

[0004] Engines are generally designed to start reliably 
When their shaft is rotating at a certain percentage of rated 
speed. This does not mean that the engine Will never start at 
a loWer speed, but that starts at such loWer speeds are not as 
likely to occur as When the engine is turning at an intended 
starting speed. It is generally desirable to turn an engine 
shaft at about 10 percent of its rated speed during engine 
start-up; at loWer speeds starting may be dif?cult because, 
for example, the fuel pump may provide fuel at too loW a 
rate for a reliable start. 

[0005] Sometimes it becomes necessary to restart an 
engine While an aircraft is in ?ight. Air rushing through the 
engine housing of a non-functioning engine causes the 
blades on the compressor shaft to rotate and run the fuel 
pump. This rotation is sometimes referred to as “Windmill 
ing.” An engine restart While its compressor is Windmilling 
may be referred to as a “Windmill start.” The Windmilling 
blades turn the engine shaft, but generally not at the 10 
percent of rated engine speed considered desirable for a 
reliable engine start. In modern turbofan engines, for 
example, the Windmilling blades may only turn the engine 
shaft at 5 percent of the rated engine speed. Other variables, 
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such as airspeed When the restart becomes necessary, may 
further reduce the ability of the engine to be reliably 
Windmill restarted. 

[0006] The fuel pump used on a gas turbine engine must 
be large enough to provide fuel over a Wide range of engine 
operating speeds. HoWever, a fuel pump capable of supply 
ing an engine With fuel under normal operating conditions 
may not supply adequate fuel for a Windmill start. Therefore, 
it is knoWn to provide gas turbine engines With fuel pumps 
that are, for example, 50 to 100 percent larger than necessary 
for normal engine operation to ensure that the fuel pump can 
provide an adequate fuel supply at loW Windmilling shaft 
speeds. 
[0007] Using a fuel pump larger than is required for 
normal engine operation increases the Weight and cost of a 
gas turbine engine. Furthermore, such a large fuel pump 
generates more heat than Would be produced by a smaller 
fuel pump. This heat must be absorbed or dissipated by 
various heat sinks, such as the fuel supply, in the gas turbine 
engine, and this limits the amount of heat that these sinks can 
absorb from other sources. It Would therefore be desirable to 
provide a gas turbine engine fuel system that Would alloW 
for reliable Windmill engine restarts using a smaller fuel 
pump than has heretofore been possible. 

SUMMARY OF THE INVENTION 

[0008] These problems and others are addressed by the 
present invention Which comprises, in a ?rst aspect, a fuel 
system for a gas turbine engine that has a shaft and that 
requires fuel to be supplied at a ?rst rate for engine start up. 
The fuel system has a main fuel pump for providing fuel to 
the gas turbine engine that has an output varying With shaft 
speed. When the engine shaft is Windmilling, the fuel pump 
output rate is referred to as the Windmilling rate, and the 
Windmilling rate is less than the ?rst rate. The fuel system 
also includes an auxiliary fuel pump for providing fuel to the 
gas turbine engine that has an auxiliary output rate Which is 
greater than or equal to the difference betWeen the ?rst rate 
and the Windmilling rate. 

[0009] Another aspect of the invention comprises a gas 
turbine engine that has a rotatable shaft With a plurality of 
vanes connected thereto. The engine also includes a com 
bustion chamber and a main fuel pump that provides fuel to 
the combustion chamber at a rate related to the rotation 
speed of the rotatable shaft. The gas turbine engine requires 
that fuel be supplied to the combustion chamber at a ?rst rate 
for combustion to start; hoWever, When the gas turbine 
engine is Windmilling, the main fuel pump supplies fuel to 
the combustion chamber at a second rate that is less than the 
?rst rate. The fuel system includes an auxiliary fuel pump for 
providing fuel to the gas turbine engine at a third rate that is 
greater than or equal to the difference betWeen the ?rst rate 
and the second rate. 

[0010] An additional aspect of the invention comprises a 
method of providing fuel to a gas turbine engine that 
includes a shaft for driving a main fuel pump, Wherein the 
gas turbine engine requires fuel to be supplied at a ?rst rate 
for the engine to start up, Which method involves providing 
a main fuel pump having an output at a second rate When the 
shaft is Windmilling, the second rate being less than the ?rst 
rate, providing an auxiliary fuel pump having an output 
greater than or equal to a difference betWeen the ?rst rate and 
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the second rate, and providing fuel to the gas turbine engine 
from the auxiliary engine during Windmill starts. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] These aspects of the invention and others Will be 
better understood after a reading of the following detailed 
description together With the folloWing draWings Wherein: 

[0012] FIG. 1 schematically illustrates a gas turbine 
engine and a fuel system according to an embodiment of the 
present invention; and 

[0013] FIG. 2 is a How chart outlining a method of 
operating the fuel system of claim 1. 

DETAILED DESCRIPTION 

[0014] Referring noW to the draWings, Wherein the shoW 
ings are for purposes of illustrating preferred embodiments 
of the invention only and not for the purpose of limiting 
same, FIG. 1 schematically illustrates an aircraft fuel system 
10 comprising a fuel tank 12, a main fuel pump 14, and a 
fuel metering unit 16 providing fuel to an engine 18. A main 
fuel pump input fuel line 20 connects the fuel tank 12 to a 
?rst input 22 of the main fuel pump 14, and a main fuel 
pump output fuel line 24 leads from main fuel pump output 
26 to ?uid metering unit 16. Main fuel pump 14 comprises 
a gear pump and includes gears 28 driven by a shaft 30 
poWered by the rotation of engine 18 in a Well-known 
manner. 

[0015] Because gears 28 pump fuel at a rate based on 
engine speed, main fuel pump 14 often provides fuel at a rate 
greater than the rate required by fuel metering unit 16 or 
engine 18. Therefore, fuel metering unit 16 includes a 
recirculation output 32 for returning unneeded fuel to a 
recirculation input 34 of main fuel pump 14. A recirculation 
pathWay 36 in main fuel pump 14 returns fuel to a point 
upstream of gears 28 Where it is again pumped toWard fuel 
metering unit 16. A?rst check valve 38 is provided upstream 
of gears 28 to substantially prevent reverse ?oWs of fuel 
through main fuel pump output fuel line 24. 

[0016] Fuel system 10 further includes an auxiliary pump 
40 connected to main fuel pump input line 20 at a point 
upstream from main fuel pump 20 and having an output 42 
that ?oWs through a second check valve 44 and enters main 
fuel pump output fuel line 24 at a point doWnstream of the 
main fuel pump output 26. Auxiliary pump 40 pumps at a 
rate that is controllable independently of the rate of rotation 
of shaft 30. In a presently preferred embodiment, auxiliary 
pump 40 is an electric pump driven by the electrical system 
of an aircraft (not shoWn) in Which fuel system 10 is located. 
Auxiliary pump 40 may be, for example, a ?xed displace 
ment pump. 

[0017] Engine 18 requires that fuel be provided at a ?rst, 
or start-up, rate in order to achieve a reliable start. If fuel is 
provided at a loWer rate than this startup rate, the engine may 
sometimes start, but not as reliably. As used herein, a rate 
“required” for startup is a rate necessary for reliable startup; 
it is possible that an engine Will occasionally restart When 
fuel is provided at less than the “required” rate. Main fuel 
pump 14 is siZed so that it can provide a fuel at this start-up 
rate When a starter turns engine 18 at about 10 percent of its 
rated speed. Main fuel pump 14 is also siZed so that it can 
provide a required supply of fuel to engine 18 under all 
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normal operating conditions, and might be expected to 
produce an output of about, for example, 8000 lb/hour. 

[0018] Auxiliary pump 40 is relatively small, and in this 
embodiment has an output of less than about 200 lb/hour. 
Auxiliary pump 40 Will generally produce an output of less 
than about 2.5 percent of the rated output of main fuel pump 
14 and may produce an output pressure less than about one 
?fth of the maximum output pressure of main fuel pump 14. 

[0019] During normal engine operation, auxiliary fuel 
pump 40 is generally not used. Instead, main fuel pump 14 
supplies engine 18 With all fuel necessary for normal opera 
tion. Second check valve 44 substantially prevents fuel from 
?oWing from main fuel pump output fuel line 24 to auxiliary 
pump 40. HoWever, if engine 18 experiences a bloW-out 
during ?ight and combustion ceases, engine 18 must be 
restarted Without the use of a separate starter. Under these 
conditions, air ?oWing through engine 18 Will turn shaft 30 
and the compressor blades (not shoWn) on engine 18 and 
thus operate main fuel pump 14. The Windmilling shaft 30, 
hoWever, Will generally not turn shaft 30 at the 10 percent of 
rated speed required for a reliable restart. Shaft 30 may only 
turn at 5 percent rated speed, for example, under such 
conditions, and the Windmilling output rate of main fuel 
pump 14 Will therefore be inadequate to reliably restart 
engine 18. Thus, When a Windmill restart is necessary, 
auxiliary pump 40 is actuated to operate either indepen 
dently or in parallel With the Windmilling output of main fuel 
pump 14. 

[0020] Thus, auxiliary pump 40 is siZed to provide an 
output rate equal to at least the difference betWeen the output 
rate of main fuel pump 14 required for normal start up and 
the output rate of main fuel pump 14 under Windmilling 
conditions. Thus, the auxiliary pump 40 and main fuel pump 
14 in parallel Will provide adequate fuel for an engine 
restart. Alternately, auxiliary pump 40 may be siZed to 
provide an output about equal to or slightly greater than the 
total fuel output required for a restart of engine 18. Thus, 
even if an engine bloW out occurs at a time When shaft 30 
is Windmilling at a very loW rate, auxiliary pump 40 Will 
alone be able to provide fuel at a rate necessary for a reliable 
restart. 

[0021] The use of auxiliary pump 40 alloWs for a signi? 
cant reduction in the siZe of main fuel pump 14 in that main 
fuel pump need only be large enough to supply fuel to 
engine 18 under normal operating conditions and does not 
have to supply fuel to engine 18 on its oWn during a 
Windmill restart. The combined Weight and heat output of 
such a smaller main fuel pump 14 and auxiliary pump 14 is 
less than the Weight of a main fuel pump that heretofore 
Would have been required. The smaller main fuel pump 14 
also generates less Waste heat than Would have been pro 
duced by a larger main fuel pump and therefore leaves a 
greater portion of the heat-absorbing capacity of the fuel 
system available for other types of cooling. 

[0022] FIG. 2 illustrates a method of operating a gas 
turbine engine having a shaft for driving a main fuel pump 
Which gas turbine engine requires fuel to be supplied at a 
?rst rate for engine start up. The method includes a step 50 
of providing a main fuel pump having an output at a second 
rate less than the ?rst rate When the shaft is Windmilling, a 
step 52 of providing an auxiliary fuel pump having an output 
greater than or equal to a difference betWeen the ?rst rate and 
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the second rate, and a step 54 of providing fuel to the gas 
turbine engine from the auxiliary fuel pump during Windmill 
starts. 

[0023] The present invention has been described herein in 
terms of a particular embodiment. However, obvious modi 
?cations and additions to this embodiment Will become 
apparent to those skilled in the relevant arts upon a reading 
of the foregoing disclosure. It is intended that all such 
obvious modi?cations comprise a part of this invention to 
the extent they fall Within the scope of the several claims 
appended hereto. 

We claim: 
1. A fuel system for a gas turbine engine having a shaft 

and requiring fuel to be supplied at a ?rst rate for engine start 
up, said fuel system comprising: 

a main fuel pump for providing fuel to the gas turbine 
engine, said main fuel pump having an output varying 
With shaft speed, said output comprising a Windmilling 
rate When the engine is Windmilling, the Windmilling 
rate being less than said ?rst rate; and 

an auxiliary fuel pump for providing fuel to the gas 
turbine engine having an auxiliary output rate greater 
than or equal to a difference betWeen said ?rst rate and 
said Windmilling rate. 

2. The fuel system of claim 1 Wherein said auxiliary 
output rate is greater than or equal to said ?rst rate. 

3. The fuel system of claim 1 Wherein said auxiliary fuel 
pump comprises an electric pump. 

4. The fuel system of claim 3 Wherein said electric pump 
comprises a ?xed displacement pump. 

5. The fuel system of claim 1 Wherein said auxiliary pump 
has an output of less than about 200 lb/hour. 

6. The fuel system of claim 1 Wherein said main fuel 
pump has a maximum output rate and Wherein said auxiliary 
rate is less than about 2.5 percent of said maximum output 
rate. 

7. The fuel system of claim 6 Wherein said main fuel 
pump has a maximum output pressure and said auxiliary 
pump has a maximum output pressure less than about one 
?fth of said main fuel pump maximum output pressure. 

8. The fuel system of claim 1 Wherein said Windmilling 
rate is less than about half of said ?rst rate. 

9. A gas turbine engine comprising: 

a rotatable shaft; 

a plurality of vanes connected to the rotatable shaft; 

a combustion chamber; 
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a main fuel pump providing fuel to the combustion 
chamber at a rate related to a rotation speed of the 
rotatable shaft; 

said gas turbine engine requiring fuel to be supplied to the 
combustion chamber at a ?rst rate for combustion to 

start; 

said main fuel pump supplying fuel to said combustion 
chamber at a second rate less than said ?rst rate When 
said gas turbine engine is Windmilling; and 

an auxiliary fuel pump for providing fuel to the gas 
turbine engine at a third rate, said third rate being 
greater than or equal to the difference betWeen said ?rst 
rate and said second rate. 

10. The gas turbine engine of claim 9 Wherein said third 
rate is greater than or equal to said ?rst rate. 

11. The fuel system of claim 9 Wherein said auxiliary fuel 
pump comprises an electric pump. 

12. The fuel system of claim 11 Wherein said electric 
pump comprises a ?xed displacement pump. 

13. The fuel system of claim 9 Wherein said auxiliary 
pump has an output of less than about 200 lb/hour. 

14. The fuel system of claim 9 Wherein said main fuel 
pump has a maximum output rate and Wherein said auxiliary 
rate is less than about 2.5 percent of said maximum output 
rate. 

15. A method of providing fuel to a gas turbine engine 
having a shaft for driving a main fuel pump, the gas turbine 
engine requiring fuel to be supplied at a ?rst rate for engine 
start up, comprising the steps of: 

providing a main fuel pump having an output at a second 
rate When the shaft is Windmilling, the second rate 
being less than the ?rst rate; 

providing an auxiliary fuel pump having an output greater 
than or equal to a difference betWeen the ?rst rate and 
the second rate; and 

providing fuel to the gas turbine engine from the auxiliary 
fuel pump during a Windmill start. 

16. The method of claim 15 Wherein said step of providing 
fuel to the gas turbine engine from the auxiliary engine 
during a Windmill start comprises the step of providing fuel 
to the gas turbine engine from the auxiliary fuel pump only 
during Windmill starts. 

17. The method of claim 16 including the additional step 
of providing fuel to the gas turbine engine Without using the 
auxiliary fuel pump after combustion has started. 

* * * * * 


